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METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
group 111 nitride semiconductor laser 
wherein a reflecting mirror surface of high 
quality can be obtained with superior 
reproducibility in a laser structure. 

SOLUTION: In this manufacturing method 
of a nitride semiconductor laser, a plurality 
of crystal layers which include active layers 
and are composed of group ID nitride 
semiconductor are laminated in order on a 
base substance layer. The method includes 
processes wherein the plurality of crystal 
layers are formed on the base substance 
layer formed on a substrate, an electrode 
layer is formed on the uppermost surface 
of the crystal layers, a metal film is plated 
on the electrode layer, a decomposed 
substance region of nitride semiconductor 
is formed by casting a light from the 
substrate side toward an interface between 
the substrate and the base substance 
layer, the base substance layer supporting 
the crystal layers is peeled from the 
substrate along the decomposed substance 
region and cleaved, and a cleavage surface 
to be turned into a laser resonator is 
formed. 
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Si, 

fnesK&onrJMnoMicifiiit*. swb»«b"J3&»6* 
»x«£. 

JSW4BHXS4. £^t?C4£#ffl(4-f 

c siren 2 ] mriB y » *x*g« . ^sis* x^ts 

Jgflcf *xe**trC 4£#$c4T£if*JB 1 sets©*? 

[Ilti&95 3 «rK*tt. *ES«*aiIl/a>o«flBJ!l 
®ifi^©T«6e«c®iR$n€»iSg*W-r€.*A^6jS*?S 30 

c 4 tr sift#g 1 mm>«s&m. 

[if*Jl6] B9lB3tMS^XgCC*Jt»-C. b«I231c{JbuIB 

31 1 teis©i!tS7^ffi. 

[if*J17 ] fTIBMSd^fiiOISBMIBSffcfS^f* 

[il#J«8] Hffi2*SSJl©0fiS*iW«^JSfb^«tBi?5i 40 
fiffirff a ton sci *«iit suti&g 1 isiE©§a it 

g u — tr © 4 rearc* * 5 c 4 am t r * 
mm 1 iB4K©$!{ii*a. 

[10*5 1 0 ] iSftrnZ-sSts 3 ft£4b8Hf«f**>6 ft 
£teH®©«2j!t£> TflW±ec. MtcflWCTttSWt 

*Wf*ir4«4t«j*3W*U— 9*. 50 
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[ m?m in tway » * s ft tc&mmmm v tern 
lassa© u — tr*s» 4 ft s -4 zmmm t mm -* tc 

S 9 tm&ffiZtj? 5 C 4 &&St 4 T Sif *5i 1 0 3B« 

©a^bft*»f*u- if. 

[ §##JS 1 2 ] ffirg8g{&ft¥«ft0> 6 ft Sifts B*£HJf 
OfSBUBOffilt^tCfftfir Saii&S&SrWT & C 4 

1f. 

[it *« 1 3 ] mi&jt v n/t#iiSM»ai-c*-5 c 

45:^Si4TSff*^ 1 OSBtSWMft^^U— if, 
[ If *S 1 4 ] iftlBTifeJfffliJ** t - h £ 

^€»c4?:#ii4rsif*ai oimomitm^mttv 
-If. 

[IS** 1 5 ] MIB^ ? * 3 tlfti^BMHHAS b - h 

>^tcs»^nsc4*^8fc4-rsif*rai 0tB*g©S 
immmttis— if. 

[ if** 1 6 ] MR_fc{c 3 Kft^bBMi^M:^ 6 ft S 1 

mriBig B ^^©fiaDB±«cfflKjS^*^t--5XS4 . 
bjsBSS&OIS HJf R8 © WiBfc r*i W . buSB* 6 * 

nisi. 

[if*Jli7] BuiBMS(>S«*^-rsxs«. mm 

TS-rf**X8*St»C4*1«*4TS»#m 6K* 
©^f^^ffi. 

[if 1 8 ] h9IB^ v iwiBiteiiJlcga 
®±(C^toS^@^^fitr -SSS)l^fiSXg€r$tf C 4 

znm 4 r s if *n 1 7 iBig©»8t^ao 
[if*^i9] mriB^sjiB. mv&zztzttmt 

[if*^2o] mumt, m%&mm&mML*>iffi9& 

Sti^c 4 *!|3M4T£ff:}ail 6iBf8©^fflW& 
[if*«2 1 ] friB3tfi3Wxe«:teiir. mztftim 

< «7 ■< >tttc^2 s ixmrn 3 ti 5Ct ^#^4 T -Sif 
#JB1 6IBtg©55-@l^iS. 

[|f*^2 2] iria*M»Xig(cteor. MIB^by 

AG U— tf©4f^-C*-5^^-C*.5C 4*#m4r 
5if*«i 6iB*g©^iiit*ffi. 

[0 00 1 ] 

[^©^^serrfj^sf] 3«^{t^^* 

[0002] 
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(yrzfv^um) zimrzms, autcmmwa 
tii/^Ga a sftosgofsntcj: offjj&sft-ci,* 

[0003] 3f&<b«ft<3m4a0l&nXK> I I I - V 
LTV*, lit, WA«GaN4t*©ISS»«±<CU 

[ 0 0 0 4 ] ft*. »*Lh©»t»U-1f©KWMfifP 
HWStiUTtt, tTF©4jI0©;£&l) ~4) 

1 ) S&hCc&f k«N&£M u - tf UNttfHK 0 . Hl£ 
tt-/^>x^^>y (R I E) lii'fDK^-fi?^^ 
KcfcOBUoT. K&MHSrft*. 

2) t7 7^rIf©CIttcto^ (OOOl)IX 
ttAH-f ftfc*; 

[0005] 

mi] 

(112 0)® 

[fcTF. (11-20) W£*m?Z ] -ktCf&SU -9- 

[0006] 
[^2] 

(1 10 0) MXit (110 2) ffi 

[JWT. (l-lOO)BXtt (l-102)HitatS 

[ o o o 7 ] 3 ) si csKJhKa^bftfiSjaRou- 

4) *:?T-<TS«_t&Cj?l,:.0UU;f. 100nm-u 
ro©Jf;*©GaNJ!i£7t;j£Gfcfg. WBKciTttlJ: 0*7 

[0008]t7 t ^ T©CffiRtfAffl±-C6#3Ml|S 

6tl-r(,»5GaAs»«&i'<i:JttsiLr*7T-rr*« 
«H#>Tf J 0 (c < i»fc*. ±E©IW!{c J: £ifi 
W. SltE^rR I EftfOXyf^^KiotSSCi 
fcffttt>tirv»4. ^t^TKB. S i^GaAsS 

11(1-100) IT-JfclJSCtWt. AStCBIIL 
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to: < i - 1 o 2 ) m?t£ttm.foRwxm%<Dm&<D 
if PA o fii ^SSr^ffcc tJ £ c <t ifix * -5 . 

[0 00 9] 

[#£"8#JB&L<fc5£f -51*11] bfrbWh. ±fS© 

JBsfcurfti ) ~4) fcti-en^nJ^Ttc^^*^* 
JBstefrffii ) ©R I E^SMtcHitlJ. « 
jfe?Stc*tL'rSia^JSItB*ff.5©*5S8i-cA0, 
ffi©ffifi ? 0 fcf 5©#EJtt:-& 0 . ffl 
X * 5 He <c o r L £ 5 IHM * 
10 -5. !|$CC. tUmm>&X*v Mbf*. R I Efti'©K5 
A x > if^m^-C r -Y T^r^ttx v tf 
X'^ts^c ifcSflHO-Cl^S. S 1 JCtj^-T J:-5{c, J. ? 

i'tc J: -or u— 1 ©SS4MH2 
S¥LfcU--tfiit^{t:tet,>-C. S*(c (s) -C^tfcgp^ 
Ct7T-{Tl«3 (x^^>ysn-r(C5Sofcg|5^) 

L/. SiaW**-?^?-**? hlcteiXLg^OX&Z. 

vytmtLxitm&ffix&zcDx, c<D&&xiz±<m 

20 miCKtbtelK 

[0010] ±IB©fl5^ffi2) ©1*3. t7 7 -(7CI 

±fissccwur«. t77 jrmfc(Dmw*M^x. m 

-c*&c»nhhi*s. c*i5>ra«ra. t^r-fr (1 - 
100) mttgRmx-um^c ttcmmbx^z. 

r -< rtem&Xlfeg,ifiW!.>tc#). m< Or^t^iJ^U 

Sg©/¥3£1 0 0 ymfia£-CP?< 
30 gttc u-if&j§£^Bicft0j2 ! ^c^x^©liffi£WJs 

wmtix i/i?h7 T-^stor^c ^-r < . mm±m 
ibxTmx&z. 

[0011] tf^T^TCMiiCfiKgLfcat^ 
(ft*fi ( J27C^t^«GaN-C*0. «TGaNtie 

■r) ©. mutfmzmfox&z-y-y r jticmlxs 0 

SilKLrteO, »«-C*61r7r-Vr% (1-10 
40 0) ffi-T-fU-Si. f©i©GaNtlt« ( 1 1 -2 
0) BB-CSfl-StitCfc-S. GaN*S^.©ftP®K (1 - 
10 0) ffi-C*5©-C. C©Jf^ GaN«fSfflffi-C* 

aNi B B a ©»tt©fcS!), iEFlSC (1 1-20) MJCfS 

[0012] 0*>-5(C. f7r-f7t (1-100)1 

-Ctfl)-Z)C<t*i-C#€.o C©tg^, GaNtt(l 1-2 
50 0) ffi^6-rnft:*(6j{C*!lti-SC<!:{C!5t5©t?. S*f* 
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*£2)©rt\ ■^7T-rTAM±©^SCCKLX«. Ga 

[0013] If 7r ^T©§{|fl®-C&S (1-102) 
M©Rffi«ffi#-C*f|<3^-n>fctfK jI5?«C«*g£ l/TM 
l>6*i£2 5 0-3 5 0 /LtmtDJlS-Cfe^^^-C 

11/tGaNO (1-10 0) iit7 7 -f7RIi(i 

s^tc2. 4a-rn-ci>-s©T\ (^7 

7»#t7r^ T/G a NJtilCCSIjiL fcfftt> . G a 
T*75 ^tig**"*. 0J&>L£t*J6. GaN(«C5^ 

Biffi-C&S (1-10 0) ffi-cwuni^i-rsfces?). s 
*© < 1 - 1 0 0 ) ffl*J»gK*fctt-,fctt»rM*JB«Ef 20 
SC££fc-5. C<D£>>lC1t-7 r JTCffi±.<J>m&tm 
MktC. GaN© (1-10 0) ffi*3KIStt«c3S*x-CI,^ 
©"C£>S. C©fcs!>. ^2 ©-9-7 T^TA®_h©)?SfiCC 
<£ SJS^StM'ES^&KBa bt GaN ©58*fS©a a a 

[0014] ±IB<DfNtfcfiriS3 ) ©^r&tcfcoTtt. S 
i css«ffltS*ig*ritf< < >fcfefeftft£©gfi#t!ij 
*frttSI»ccft^*:#i»M«#**. Sfc. HKlxfi 
tc5fc3H3SM*wg-r sbhc. s i c©ss*iSi!i>riis 

mmomm * a atcRtrc* at* £ 1» -5 ma*** s. 

[0015] ±ffi©0fiE^64) ©^r£W. HuMb/cct 
5KlWttJ»CHl/rBJKBW-C*436«. J?OG a Ng 

j&rBtST4i«jw*»Tffl»r*.5;te*>. □&©*# 

*cr. *IM8"Ctt. U— !THia«:*»l>ri«iftKttSS* 

«n*W!ittft < 3«aai{fc«ii|£»»u--irao t 

[0016] 

iMLBc. «cW»Ur»6ft5m*l¥*rou-1f© 

JioaafciJiass-rstsaii^fiRxsi, flrfa*SiiB©& 
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[0017] *^KJ:4Wt»3NIW*U-*-!flHj»Jffi 

ic*ji.»-ctt. wsb.* ? *igtt. ^jjj]8*y 7*-rs»!j 

«c. ifie^{b!B)*3?#Cc^3n*^&»raB©ft^ 
|6jCCWKf*S-r S«S»^ h 5 W 7'£iiufa«Iffil±C<:ffJ 
fiW*IS«r*t»Ct*W«ir&. *»«©£<&»¥ 

£AJKz>IMfe£> TttJB±«c. n<c8mbr&«ftfUli 
i$ia£-r£. 

[0018] S #»iP!©#IK«fffi«. S1£_tiC3 

r$xg£. isra^i«&u ! i(SBiJira©i?M5cisjw, una 

«S-5-ClWB»K36»6ai»i-4a!l«tEBt. *t?tfC££ 

[0019] *^©^fj|*atc*ji»r«. mrfafcMfr* 
«* ff^-T 5IgB . ft ISttAJI ©S*ffi±tc BiffSMK) 
§t££L-t£JSJtg£^ y+t5^ 5r+Xg*£t»C£* 

1$1»£-r4. *^©»g|^t6cc*su-c«. fjfa^ y + 

^€i®»fiKXfi4^ty c £ «49fR £ "T So 
[0020] *|6W©»(ft#SK:fci»rtt. buIB^JIJK 

w. m-c$>zct*nmt?z. 

uttt. B5fass€rjg3aL*^HfrfBi?Hia^©*SBijiK: 

*»t»-c. WiaTttJBflias^safTiiwirao^Bic— ttcc 

C£*#®£-T5. 

[0021] *^©^ai*a{c*ii>r«. S9ia^8=t 
igtcfcut, Bfria7£;«YAGu--y t ©4fgi^r"*ssi 

JHftr * 5Ci £ T 4 . 
[0022] 

[ffiffl] *»B8«c«ttl«. GaNlSftW*>&flS#LT. 
t77-f T*S£ G a NJgSH £ ©*SSIS^%^liXB 
^»rfl«JfC»?l : «fc^))?^*^J5S-r5C£<fc*) > t7r-T 

[002 3] itgaXSCCfcti-C. SH»Sn*3SS«»3W 
K#L/T^ST'S«^J5I^® ; &^4C£A3-C^S. G 
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*i£tc J; *)\ fag*© U— ^^©Sffi^Ttfi^ffii L 
T^©±&c^tt»£it#l/T^jE£;**i5., 

[0 024] EK, ^-y*Xg{C*il>r. GaN«@a 

n l r i » 5 «tc*f ji;-r £g|tf>©TtfrtS«Lh(c 
■TS. c©^* F^ ^£0(£-r -5 c »H 
#6. £IIJ^©i£fSTfcfc>£fflBjS«©7f>J!X&, "9~y 7 

■frmm^mmm^^tiiti^u-v^mmL. v-y 

[0025] 

zm^xmwrz. 20 

<r£ti/f 3 &£4bBtfgtft*> 6 &-5?t&©itiSlill 
©fP^>WtS^)lft^^Bfi£Sa (MOCVD) (CJ: 

[ 0 0 2 6 ] 2-r. mttfttf? T rS1£ 1 0 1 Zf&m 
fflMOCVD^tCgit, 1 0 5 0°C©?aK«CteC» 
T30 0Torr©lK3©^^jiEcfi-c 1 O^H^O, If 
7T-fTl«el 0 l©*ffi©^i";-->^€r : ff%'5„ 
C©f*> f7r -/Tlf 1 0 1 *-e©jaS*S6 0 O'CCC 30 

&s*ri$fiu ^M>fsft ! *.5r> ; e-r (nh 3 ) 
t. a iJ^*4r4>-s f y^^;i/r;u3-^ a (tma) 

£2 0 nm©J?${Ci£IS£ti-3. 
[0 0 2 7 ] ^-CTMA©{&&£±#. NH,©*«r 
A 7 7rll 0 2d3fi£8g3n/c-9-7T^r 

*tgi o i ©as=&s^i o 5 o°c«c#iib, i-yy?- 

)l>t?V5& (TMG) ^Ab-CnSGaNTJtk@l 0 
3£gjnrS,, COB*. nlT^f-C*5SiOiHi 
ltyf;^7> (Me-SiH,) ^fiXlfiM*'^ 40 

[0028 ] niGa NTfl&Jl 103*4(i ngg^g 
l^cH^T, TMG©«*&©*?r#±-rS. — Me 

-s i H J i«©«»«*i«inu'c:-eo**«tt&i / *iW' 

S£nl*Jl<tLT i &g&S£Ti$ 6^ TMG* 
WS^AU Isl^ffCTMA^Ab-CnSA 1 GaN? 

Kll 0 4©SEI«f«c^„ nSAlGaN?7? 
FJB 1 0 4*10 . 5 jum^SfiXgUfc^-CTMA©« 
J££fM:U nlGa Ntf-f FJH 1 0 5*0. 1 MmJ& 50 
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nSGaN^ FJB 1 0 5 ©^#557 LfcB# 
*t'TMG, Me-S i H 3 ©ffi*& ; SrO±L/r^fi*gg*& 
U S«Sat*7 5 0 = C<hT-S. 
[0 02 9] SffiMS#7 5 0 "Ci^-pfcBSi-e+i- 

fc^TTMG, h >.M*;U-f>y"?A (TMI ) RO' 
Me-S i H.^Alt/or/I (N&») ©JjSS*tf 
&5. ^(C. Me-S i H,©ffi*&*ff±1--5<i;ifc{CT 

m i ©ifca^itMi/T, ^yrjijru -r>s">A (i 

n) ffls£©ita>#FB£fi£fi-f-5. ^UT®i#F®© 
^^^^©aaitifailUSCc^-tt-cil^dl 
■r. c©«fc9cci/c. £M7#F (mqw) «jt*W 
■rsrste© 1 0 6 ©(£&&«& 5. 
[0 030] «f*©#F©±«c^- >;r (MS) n**<S;« 

Ll^tSttS^MLfc^-CTMG. TMI, Me-S 

i H } <Dm&z&±?zt&ic. 'jTtfxzmmfr 

STkJRKtfJgi*., NH 3 *filtL/00, *'Xo!t©^*s^ 
^LfcB#*-CS«SS*Biy f l 0 5 O'Cfc^U TM 
G. TMA i pS^M«*5M gODJlfifi L.ri?;b 
-'>£n^>#yxx.rt/-7^*V?A (E t -Cp,M 
8)4iAt/tplAlGaN110 740. 0 1 Mm 
Mt»t:TMA©i*i(i&*<fihL. piGaN*" 
-fFJ110 8£0. 1 wmgtgl, Bt/TMA^iAL 
tpIAlGaN?7^Fil0940. 5 umtf&tt 
S„ IKCO±iCpSGaN3>f i' FJf 1 10*0. 
1 MnU&gS-tfS,, -e©^ TMG&yE t -Cp,M 
g©#l*&£fM:U F$S*&8Jt&U Wm.Jg.V4: 0 0-C 
{CJtCofc^"C. NH,©t**£fef,*±U 

sasaatt8oo°c. W2o^ #Hm«A«E© 
[0 03 1] c<D&^ichxm3^-t<5x-^*:vm-$ 

<'J ^^jS8S©^iJ>f#f)tl/c'?x^{c>FfLT > ^ifc 

*^^-S. *-T. pS^^!!H1©^70A:^x^*^ 
S^gtc^imL. P^GaNn>5fi7 FM1 l 0±(cx 

-^•^^ <n i) m(emmm) 1 1 i*mjio. 2 Mm 
fflg.mf&Tz. —mmuy * v y v^7 ^^*fflc» 

r. I34{c^-rj;'5tc. 5 Mm*a©X h^^^ttON i 
piii *;?£-r„ gut, C©N i X F =? -i 7-*-?x ^ 
{C/BlvCgjSte-fjj-Z/X", ^>// (R 1 £) *tf^tl,^ 
5 m mtt«j^<Dff»« Pi A IGaNi-7^'1109 
Sr!ft0. 1 ummLXmZL. ISic^^tc, ^'J 
v Vm&<0 y 5f 2 0 2 fifcT -5 . 
[0 03 2] C ©RUCC^C o/c x^© y y i^g|5 2 0 2 
RtfpSiA 1 GaN?7? FJS 1 0 9±CC. H6«:^r 

j:^tc. s i o,{sa)gi i *y strtzE<r> 
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7-rffi&cJ:^-c. H7{cijVrJ:3tc. pSV ?^8|J2 0 

2 ©n®© s i o 2 mmm 1 121c. ^ vmti&atzi 

tcfi-5r3 Mm*I©N iJSl 1 1 £&tti 3 
SBl 1 3a4Mt5. 

<m®i^firng>N iin i*s^ttiu-ct,>&gi5#£ 

^StC^dJ^ (T i ) 5:0. 0 5 Mm. £ (A 
u) £0. 2 /im©M<?'C)lRiC^#L-rp<lfjmffil 1 3 

So 10 

1 3©AuI±(C, HQiC^-rcfc^CC. MA«S iO, 
t£ i'(D^*m*> ft SIS 5 ~ 2 0 y m?II*©f$tt^ £ 

->©«&©*&&* v a 0 1 £j&&f s,, c© 
n$. mm* f- 7 7*2 0 1 u— *rm=f-<D v 
-yygP2 0 2ifiii:. ?t£i?%^ mcmmznzm&im 
iWfc^s«fc-5fc^ h^-c-^2 0 1 *ms.th. 
c 0 0 3 3 ] m 1 0 p flwsffi 1 1 3 ©a u [gjiccifiS 

5. *fe^X h5^^2 0 1 ©IWHPtt. Sif^Wtcf^$3 20 

if*^©#!6M£H— ©rJ1£CC«jrrs. % 
fc. il^X h^^i&tffctfti-C. pffldmsi 13© 

a u m±icm ( c u ) 011^1 s. *=&pjte-r s. c u y 
-y+^©sft»{c«^*«ajii^w-c*j< 0 @i ik 

@4 9tt£©y ^*«5 0£ffl.*U »<=>*i/ctfxy» 1 
0£t©*t4HcgL-C. 'JxAloOpIfil 13© 
AuKiitLt. — PS®l^®F^CCiSS£^ 
LX. Cu^Slgpt^-rS. y^3hfcCu!12 
0 -r^^^^H©fflSjSffi©)K^ti L,TtJ 5 0-10 30 
OumfiSfcsg^-r-5. H^XfIS-C©liSjS«tf*4<t 

— If JR* 4 fc - |-» * Ccv>} > h f £l£©&£i»t*fe£ 

[0034] » **^te-T Si > *SHX h7-/^ 

20 i©^Ln^3ii»cc^^5ian^i>/c»ii© 

SP55-(cttCu*l*THlL/^l>. 1 2 0tt& 

M. SI 24HDar^L-fccfc5ft»r®ffJtt£ft-?-CV£ 
**. ^^^^©iltftifctc. I12*©br/Tbfc 

<fc5{c. )®^|Sj©^-e;5:<S^cc*>*ab-cc»<o 40 

tc. fflfiU h7-/7'20 1 ©WffiiJ#>6©CuJ|gl 2 0*s 

smcjg-rs «k ^tcfts. cn«»siat.fi:3C7EfiWt« 

©itatft«<b&S., *^«6MCD«t: "5 «C*I 1 0 (imiSO 
J&HU h 7 -/:/©*§£. +#ftJgJl (5 0-1 0 0 y 
m) rj|MT££a&¥lSft*®#f#6ftS. 
[ 0 0 3 5 ] m 1 2 tfa-Cd -CTnOfc-^&glJfl-tiSCUCSiJ 
* CCfiXg LT*fcCuI*5Ui§o fcft: W© ©r * S 

i£Jl<il.T3*:£teofta s ^ri>£toWt?«ft<,>. * 
fc. h7^©/<* ISSTSiCu 50 
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BKD^ffcWWl Sfc* C©SC^-C©C u ©3£J£{£T#* 
ifB3A*gatCft.S. ±IBbfciffi^ YvAVI 0 
l©Jf^B${c. 13 1 3 icijrr J; <5 tc. 

>©ns£ y ? ^ia& 2 0 1 - a ©sb# <£ -£ftfew©g» 

#2 0 1 -b"C*< ltii< CiAiT^S. 

«fK. HI 4tc^-TJ:^{c. ifI*5j£<|^$n-Cl^g|5 

#2 0 1 - bifi^©^©**jlti$ttS C <h#T?# 

[003 6] y v ^x^{C>ff 0Bf^©?5fe 

^fctTftt*. CuI120±ic, ^#CC«fc0 Au^-X 
»I12 1%fKW5. C©J;^(ct.r. ^x^±©^l 
^©^SP^KfcU-CB:. 13 1 5 fc^nf J: 5 &SH4*jg 

cutttb«s«j^tL.^-r^©-c» 

{tfft? L fc U — If v X© 7* 4 > tf\±Z*zm.? 5 
t. CuJgl 2 O^H^KIf b-C*Jl^c^*sS2b< , 
C©fctf>C uI120 ©affifC A uI121 €rjgSf«c £" 
©*Sr'Jf$fiXLr*><©-C*S„ -€■©». «fHI«cf*JH» 
StfT^ffl^aWtbr^aA (C r) . T itetoM^ 

[0 03 7] C<D£5tC. y *XgCC*Jt>r». fg© 

stggxgfc fc^rff 6 n s «jfM^® ©b^s© u -if* 

SHB i «c 5 §tB8ffi t HiafSJ o fcy » +«-^ffi d 
^•T SJ: ^ tc. G a Nm^SM©*S H ^(4 

< y + s n/c#s)i^©a5# > ~-Xic , 116 ic^f «fc 

-5&C, ^x^K0JS$n/cGaNlfiU— tf^©m@± 
©CuJSl 2 0©Au^-X*ISl 2 1±{C. I n&i* 
om&&$lWi*-ft L T . m 3 0 . 1 m mmSOSJt^Jl 
ffil 4 0?rlA»3^W.S o 

<1f7r •<rffiiJ^6©'?x-'^©*M»f>'X(C. m*. 
YAGU-if©4fgjg (2SS2 6 6nm) . KrF 
(iSg2 4 8nm) ft t'SI^*S©M«S^tU 
TjU-lfKi-^r. 01 70^1-^-5 (C. If^T-fTS 

«i 0 1 (ommmrfity^rmm 1 0 3©*hb»>6, t 

tc— «cc o -cMS-t 0 r t J; i, ^„ 
[003 8] fig*ftCffl^S U- 1f7£©^SWI^.«2 4 8 
n m (Cfe l i r S«©1f 7 t ^ 7*AH5<b A/ i'jS?^T?d5>S © 
tCjitOt, GaN©flftiRiffiW:3 6 5 n mT-*S/tJs6. to 

TSSi G a NffflCC??i5rr S7^#ft^^^©fc«t), 

i»ifxsn/t7fe©x^^^-«ij{c^3n. j?®jfi 

flKOGa NOfil«#«fi*{c±»L. ^JIG a £3K*(c^ 
MtztLt.cuz,, ^-yr-irmmi 0 1 iTlfeJil 0 

3 ^©JWtCfc^T. S{t«J^«tt©»»«J«ia 1 5 0 

[0039] c (D^m^moyftmmmm i5o«, 
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wmmtem^htizw r -rr»«i o 1 iGaNxa 

A 1 Nft£'©Tit6@ 1 0 3<Dmikt*5m? StefeCC. 

GaNtci'OU — !f IfjgCDTUfi <!: ft SJSHJKCEKiR;* tl 
0 1 £GaN£c<t'©Tmiil 0 3*&fi±|iB 

mmmmaa-o-cD-y r yts® i o 1 «»6M#>*ia< 
a. ^xA©t7 7 -f7if i o i*>j>bmm-rz. # 

[0040] c ©tn&tc j; r . Ti&H 1 o 3#j©#s? 

WlWCfcl, »r *'^Ai ^?©M£-#ji?w- -r a *> G 
aNCD^AntTfl-rC^-SCD-C, 13 1 8 (CTjr^j: 5(C. 
t7r-f rig 1 0 1 B, U— !f«3ft»»affC uj® 1 
2 0©— {**'P.#8rr£„ U-1f«^«9-©Ga NJK 1 

1 2 o-emtJ^zti-c^zcD-cMWi-rzzaiZfi^. g 20 

L. N&fts^TCcif^T^TS&l 0 l*>6#8f-r£<»: 

&1 0 mDiftOdSCDCuIl 2 o*5tt#uri,> 
•5±. £f$£Jlffil 4 0iCB£9ttW-C£>SfciSf>. u-tf 

flKsawjigg cc \zom L ft 

[0 0 4 1 ] *©ffttc. •^7r'fT««^^*0/cU- 
ifjfjsgis^&ox uli20 ^fi^JSISKftsO ttwfc 

m$&mfci4oc±mmMicmtML> mi 30 

Nil 0 3ASStULri,^©-C. C (T i ) 
£0. 0 5 /imJS. ^rrJH^A (A 1 ) £0. 

2 umll-Clfltnffllil 0 3a*Mt5. 

< G a N TtfiUf©ffB3 > T * ±*« -> fc U — tf fltj£gp#K: 
!>*C ul 1 2 0©Titfe)l 1 0 3©Ga NfflJ*^, i20 
tojrfJ^K:. jjfcfi* h-7-r-/©fitg(c^-t>-B-CnffliJS 
tl0 3a±K. fW-f-=e>K^-{>h-CMj?:An 

So 

[0042] 02 1 fC^T^SC. £f#£JI1g 40 

1 4 0£r$ftStf-SC£{CJ:-,-CGaN)Sl 0 3 SrftgS 
■rsiitcccu^^ •-/*SE^®d«:r§iii|0-ClS^ 
#©U< — 9Vn'-3 0 0£ff2fifc-f So t©«fcMcL<-C C 
u^l 2 0 ££fc(CTttiJIl 0 3*. ? s;*ftfgtt& 

^csaft^isj <^en©#(Sj) KfS^gt-^-cssig 
[0043 ] F#-f>1-©«!«:. IKW 
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ttr ttttofcab. c u W&**<o-£i&%Mfr?Ut)%j* s> * 
ft:<t-5CC, ffi^Xh5^^2 0 1 ©iH£^;LTte< il 

So 

[0044] -e©f|^f|i«^7f*. U— tf^--%fflf*T 
S<£8f£Jl« 1 4 0 =£r . In ©H£JW±(C fln&T 

So 

-If;*- 3 0 0©KBfM (GaNO^ll 0 3-111 

<U-— tf^9 7Wt>02 2 JCthT J^tC, «fw<- 
3 0 04WE6rLr. I'jOU-f^-^'tC^iti. 
<«At>*^{C <fc f) ffH Lfc U— If * v t - h > 
>^{cv^>h-T^tg^, CuSl 2 0OT£t- f->> 

2 3 «C^-r®«T^SigS© 3 J^^^^i* U-t^T- 

«6*?jS-C*S. Cu il^&i)tg!Ei$©J:l^7'v 

t» hAf-r-c(cB?D^»^n-ci,^©i^ffi-c*»). u 

-if ©^^**> 6b-h^»i7* -COffiilfefBt 1 0 y m 
W±ff 6tlS©-C. Mt-AOt- bi/>i>£(D=F& 

[0 04 5] 02 3 CC5VT«?», U— !fS«i. •€■© 
±K«S§n/cCuJS 1 2 0©US^Ofc* 9 7>6^C 
0. Culgl 2 0ffliJ#st- h^>^t;a-5>mMG«14?- 

^+t'jn i±{c^stiri»So is-vmmz. 
3m&im¥mfc <a i.gb,.,) ,.,in,N (o^x 

^1. O^y^l) *>P,«;Sioll©Ml04~l 1 
O&i^SSJll 1 3£\ (A 1,-Ga,.,.) ». T . I n ¥ . 
N(0^x' ^1, O^y- ^ 1 ) ©TiSJl 1 0 3± 
fC. IBtcSBLT&S, SHtfc*SgiliCt*rSttJl*3$ 

*nri^-5. c ul i 2 o b> +k j: isstit 

S@L/t^ B e{c*tLrTilt)l 1 0 3©J5*fflWtc 
J^lSSnfcCuMl 2 OH. SUbfcM^Jl©!^— tf* 
tiS t ft 5 -^StKlffi <t mm -> fcJg<M©^PH43«*§{ 

*T*S„ U-1fg&©TtlWf 1 0 3 ffliJH b - h v> i' 

«»snri,»*. g{b^a»(*©^M©^*rsi (ia 
M©ft^f6j) w*s-rs 5. y^ss^WL-co-s. 

[0 0 4 6 ] 01 9lC^?£'jt,C^ C©^^U-1f^ 
*<DV-ymmmm<D&&mfrhtj:*), nSG a NT 
flSJtl 0 3±icmicmm$ntc. nIAl,. a Ga,.,N 
1104. nISGaNJtl05. InGaN?:ifc5i 

mmmt?zm\mi 06, pMAi I I Ga„..N(ii 
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07. pSGaNI108, pIA 1 ,.,Ga,., NH 1 

0 9. MpIGaNIl 1 OfrhUh. pIAl.., 
Ga,. 8 Nil 0 9lCte<) vVT, h^-f 7*3)52 0 21>W 

n^GaNJll 0 3 ©Tfl&JUMtC 9- v 7** +• >J'/1 1* 
^LTjgigS;?*!. pI*piGaN3>fi' HI 1 

1 oiecuRi 2 0«fri/cttifc3-hS. 

[0 047] COfiftU- !f jR-^-Ct*. ffiffil 106 10 

nlGaNilOSROfpSGaNllOSiJ^-f 
FH"C**K tSttSl 0 6rj%^Lfc**CCtC^jg1- 
*ii*>K}Stt»l 0 6 F*> y7j&s**<R 

ST-S C <fc CC «fc ^TS^RtflEfLSrrSttJf 1 0 6 PlicWi 
*WKB3CiiA-5J:^«:«:ort>S. plAl,.,Ga 
,.,N110 7[ittA3tifc++';r (^ftcm-T-) ©BFJ 
C&*£MiC&fbTaPt£JBT&9. nSA 1 „., Ga 
,.,Nlf 1 0 4MpSA l,.,Ga,.,N1109B* 

-fFiio5, i o 8 £QimifT&-crm$tixt,>?>i> 20 

fT&toft*. 'J srS?* h 7^^362 0 2H?77 FBI 

0 9 ©/? $ *m k s -a- s c <t ~c$mmximz mti&w®. 
[0 048] ±ia**Jfeffl-c«, t?T -Yr AffiSfeJiCc 

[0049] 30 
«©ilfl&£^Jfg<!:l/-Ct, >-£©-?. 5£«lf|gB£-ii^-©*Sj£ 

mmiimhtiz. miwtzi&m-ci* c©*s». m 

[HfficDfB^&ifiW] 

imi] ?7r<<Tmm±icBi&3titcmmfti'--<f 40 

©$£HStftE0. . 

[02] -^7T-YrS«±(c^3nfcGaN*S 0 %ll 
©$»rffi£^TW5£ttji0., 

[03] 4969|{C «fc *>9mW<D¥m#- u - if ©$3j$X 

e*tc*j»s u-ifSKfx^omwfiBia. 

[04] 3^W«C**SQtW©*3W*U--!f©l»I 
S*K*»W4u-lfafi'!»x^o«WKiBia. 
[05] #5&gBtc<fcSH;»W©¥«tt:U-- !»*©»JSX 

[06] *«W{C«t*aE*W©**f*l'— JfOWSl 50 
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[07] *R?li{CJ:i3a6«0*»f*U— !f©«JtX 
[08] *«93{CJ:*«(t«(0*i»(»l/---!fO«JftX 
[09] *^W^J:^^]SfeC!!|©4^tt:u-1f©33jiX 
[010] *«W(cJ:*3Ett«©*aw*U— !f©Wft 
[011] *«BBtcJ:43EMiW©3|£»»u— tf©SS& 

[012] *^{C«fc*SaSW©iNW*U— STOWS 

[013] *^^J:i^«©*»»U---!fflD«jt 
XB4>tc«tt« u— irg«'?x^©WlJ8Ji£*¥ffi0. 

[014] #f6Wfc<fc£5SteW©^*fl-U-- !f©«jS 
XS«t>tc*»WS U--y«ffitfx^©&KSfc*;KSD0. 

[015] *^KJ:S^«©*j»»U-'!f©«je 
Xg* fcfctf* U-1f»R$x^©«B**«ia. 

[016] *«9Jtcj:4jBSi«0*»«tU— !f©lBt 

xs* Kfctts ^-•9 i s«^x/^©ft^llSl4m0. 

[017] *^{C «fc S3SSfe«©**tt: U — tf ©KJS 

xe<f{c*»w* u-ifs«^x/N<D«B5*«a0„ 

[018] *^K*43»«CD*»«cU-*-!f©«« 
XS*K*sW* U-lT3£«?i^©miB*4ta0. 

[019] *#EW{C «fc*S§frS0»©¥2gfl£U<— «f ©SBt 
aSfKJStti U— !f£«*>XM©»EIJ&»rffi0. 

[02 0] *»BB{cJ:*ge««fl!)i|£ilW*U— IfOlHt 

[021] 4cM9(c «fc -S^SSW©*^ U - If ©M6 
I8«t>K:fct*a U— •fgffi'} xyN©«li»»rffl0. 

[02 2] *^KJ:4*»«©*a«*U'*-1f««» 
xe4>fC*t?S U— !f ^-©ftB&£H»0. 

[02 3] *«WKJ:4S9t«©5MW*U— !fO«W 
Bffffi0. 

[^©l&IB] 

101 mm^yr-irmm 

102 <g&?£|[gGaN (X«A 1 N) fg 

103 nMGaNJf 

104 niAl,. 1 Ga,.,NI 

105 nSGaNl 

106 InGaNiStti 

107 pSAL^Ga.^Nl 

108 plGaNi 

109 pSA 1 ,.iGa,.,Ni 

110 plGaNS 

1 1 1 pwimm 
112 si o.mtm 
i i 3 mms 
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